Abstract The use of water from abandoned mining ponds under a hybrid off-river augmentation system (HORAS) has been initiated as an alternative water resource for raw water. However, it raises the questions over the safety of the use of such waters. In this study, the hydrogeochemical analysis of the waters is presented to assess the degree to which the water has been contaminated. Comparisons were made between sampling sites, i.e. abandoned mining ponds, active sand mining ponds and the receiving streams within Bestari Jaya, Selangor River basin. The aqueous geochemistry analysis showed different hydrochemical signatures of major elements between sites, indicating different sources of minerals in the water. Discharges from the sand mining ponds were found to contain elevated availability of dissolved concentrations of iron, manganese, lead, copper and zinc, among others. However, the quality of the water (from the main river) that is supplied for potable water consumption is at a satisfactory level despite being partly sourced from the abandoned mining ponds. In fact, all the metal concentrations detected were well below the Malaysia Ministry of Health guideline limits for untreated raw water. In addition, the results of the geochemical index analysis (i.e. geoaccumulation index, enrichment factor and modified contamination factor) showed that the rivers and abandoned mining ponds were generally unpolluted with respect to the metals found in sediments.
Introduction
In recent years, the state of Selangor has experienced severe water supply disruption affecting about 60 % of the water consumers in the Klang Valley (Federal Territory of Kuala Lumpur and Putrajaya, and the state of Selangor). The state water authority has proposed that alternative water resources are to be developed considering the options from available water resources such as lakes, ponds, exmining ponds and groundwater.
The approach seems to be a reasonably good option while incorporating natural available water resources as there are more than 20 available former mining ponds within Bestari Jaya, a sub-basin of Selangor River basin. The water authority has proposed that the supply from abandoned mining ponds is to be developed on a larger scale alongside the river water, and also seek the potential use of groundwater under a so-called hybrid off-river augmentation system (HORAS) project. The project has started with the implementation of water pumping from abandoned mining ponds into the main river, i.e. Selangor River on a smaller scale to provide additional supply of water to the downstream water treatment plants at current demand. On-going construction of off-river storage (ORS) reservoir is expected to provide more storage and supply of water prior to development of HORAS on a larger scale. This is expected to increase the yield of water and to reduce high dependency from the release of water from the dam and river water flow as well as for minimising the impact of downstream flooding and as emergency storage for water (Salleh et al. 2011; LUAS 2014) .
The Klang Valley was once known as one of the most progressive areas for tin mining. The mining activities can create mine water pollution during and after mining operations. Acid mine drainage (AMD) being a common problem associated with mining activities that can persist for many decades to thousands of years (Nordstrom and Alpers 1999) . The release of metal ions, acidity and ochre represent significant environmental hazards to freshwater resources. The precise composition of ochre varies with pH and the availability of dissolve anions such as SO 4 2- (Younger et al. 2002) . In circum-neutral pH range (6-8), a mixture of amorphous iron hydroxide and goethite (aFeOOH) precipitates; at pH [8, ferrihydrite (Fe(OH) 3 ) precipitates; at low pH, oxyhydroxysulphate such as schwertmannite forms (Younger et al. 2002; Wolkersdorfer 2008) . Apparently, the impact of mining can be detrimental on the environment where the fundamental effect would be related to the wasteland formation, natural drainage damages, pollution and natural habitats destructions (WWF Malaysia 1991) . Most of the tin mining operations in Klang Valley have ceased in the 1980s leaving numerous exmining ponds within the area. Most of the ex-mining ponds are located close to Selangor River, i.e. the northern side of the river. Most of the ponds remain unused, but some have been reused for commercial purposes such as aquaculture and sand mining. The degree to which the water has been affected might be understood by assessing the quality of water with respect to metal contents in the impacted water and soil. Inevitably, other water quality determinants such as organic constituents, nutrients and other inorganic compounds are also important. Many studies have been associated with heavy metals speciation and its accumulation in water and soil within former mining areas in the country, (e.g. Ali et al. 2006; Abdullah et al. 2008; Ashraf et al. 2012 ) and elsewhere (e.g. Younger, 1999; Mayes et al. 2008 Mayes et al. , 2010 Kusin et al. 2010; Addo et al. 2011; Gozzard et al. 2011; Kusin et al. 2012) . However, less attention has been given on the potential use of water from abandoned mining ponds as an alternative source of water supply. While it seems possible that such waters would be a source for raw water, particular concerns have arose due to safety issues of the waters, e.g. the presence of metals in the water. As encountered in Bestari Jaya, Selangor, the catchment is rich with alluvium soil which is characterised as loose structure and unconsolidated soil (Ashraf et al. 2012) . Upon excavation during previous mining activities, exposure of soil minerals that results in leached metals and acidity into the water can be a common feature. Despite former tin mining area, active sand mining activities still progressively occur at some locations in the catchment.
Among the options to ensure that there is sufficient water for raw water supply in the state of Selangor is to explore the alternative water resources (LUAS 2008) . This includes identification of suitable lakes, ponds, ex-mining ponds and groundwater to be developed as alternative water resources during water crisis or drought season (LUAS 2012) . Within Bestari Jaya are found a total of about 442 ex-mining lakes and ponds of different sizes (Department of Minerals and Geosciences 2003). Downstream of the main river, Selangor River, there are several water treatment plants namely SSP1, SSP2 and SSP3 (Selangor River Water Supply Scheme) and Rantau Panjang Treatment Plant. These treatment plants are the main water distributors to the Klang Valley that are capable of supplying about 2670 million litres per day (MLD) of treated water, i.e. about 60 % of the total water demand in Klang Valley. On a general note, the objectives of the development of the alternative water resources are to enhance the yield and water storage for the state as well as to reduce the impact of downstream flooding.
In the present study, the hydrogeochemistry of the abandoned mining ponds in the former mining catchment were evaluated to assess its potential use as a source of raw water supply. This is particularly important because the suitability of the raw water may be evaluated with greater confidence with the understanding of the contaminant behaviour, which, in turn, results in the intended water quality. The levels of contaminants in water and sediment may explain the various processes associated with the source and sink of pollutants and were evaluated for compliance with regulatory requirements for raw water supply.
Materials and methods

Study sites
Bestari Jaya is located in Kuala Selangor sub-basin in the Selangor River basin. The Selangor River is the longest river in the state of Selangor with a length of over 110 km. The Selangor River basin which spans over an area of 1820 km 2 is one of the major river basins in the state of Selangor, the third largest river basin after Langat River basin and Bernam River basin (Fig. 1) . Geologically, most of the upper catchment is underlain with granitic rock. Some parts of the mid-catchment are occupied by carboniferous rocks and most of the mid-sections are underlain with limestone and interbedded schist (WWF Malaysia 1991) .
The HORAS project is developed in phases; the first phase is expected to produce 1000 MLD of water and phase two will be able to supply 3000-5000 MLD in the future. During the time of monitoring, phase one ( Fig. 1 ) has already started due to critical current water demand and as part of mitigation measures for raw water resources. Successful implementation of phase one would indicate applicability and appropriateness of such project to be developed on a broader scale.
Water sampling and analysis
The sampling of water and sediment was performed between June and September 2013 (three times) and on the same occasion in 2014 (twice) and the data are presented in Tables 1, 2 and 3. The sampling months were basically associated with the months of the lowest flow; however, there is no significant variation in terms of water quality parameters year round. Regular sampling of water quality has been carried out since 2005 by the state water authority; however, complete data were not available for use in the evaluation of water quality presented in this study. The sampling was undertaken at the abandoned mining ponds (including HORAS project sites at S4, S9, S11), at the sand mining ponds (S1, S2 and S3) and instream sampling at the rivers (Stream A, Stream B and the main river, Selangor River at S5, S6, S7, S8, S10) ( Fig. 1 ). These sites were basically selected to assess the potential impact of water quality from the existing sources of raw water along Selangor River. This is especially important because downstream of the Selangor River there are several water treatment plants that receive their raw water supply from the river (Fig. 1 ). More importantly, these water treatment plants produce about 60 % of the total water demand for Klang Valley and therefore the quality of water must be secured (for potable water use). This is also in response to recent public concerns over the use of the abandoned mining ponds as an alternative source of raw water. Therefore, comparisons were made between these sites of abandoned mining ponds and those of the active mining site as well as the quality of the river water.
The on-site measurements of water physico-chemical parameters (pH, electrical conductivity, Eh, total dissolved solids (TDS) and temperature) were undertaken using a calibrated Myron L Ultrameter 6P. Alkalinity was measured in the field by means of a two-step titration against sulphuric acid with phenolphthalein and bromcresol greenmethyl red indicators using a HACH alkalinity kit (AL-AP). Turbidity was also measured on-site using an Orion Aquafast turbidity meter. Samples for water quality analysis were collected in pre-washed (soaked overnight in 10 % by volume nitric acid (HNO 3 ), washed three times with tap-water, then three times with 18.2 X MilliQ deionised water) polypropylene bottles. 125-mL bottles were used for collection of water samples; filtered through a 0.2-lm filter paper and acidified with 1 % by volume concentrated HNO 3 for total cations and metal analysis, and unacidified samples collected for anions analysis. All samples were kept in the cold room at 4°C prior to analysis and analysed within 1 week of sampling. Major cations (Ca, Mg, Na, K) and metals (Fe, Mn, Zn, Cu, Pb and Zn) were analysed using a Varian Vista MPX inductively coupled plasma-optical emission spectrometer (ICP- Data presented are mean data (n = 5) for all parameters a Not specified Table 2 Mineral composition of the waters within Bestari Jaya Data presented are mean data (n = 5) for all parameters a Not specified OES). Anion (Cl) was analysed using titration method and SO 4 was determined using turbidimetric method by HACH meter. Reliability of sample analysis was tested by charge balance calculations. An electro-neutrality within ±5 % was considered to be of suitable accuracy but up to ±10 % is acceptable (Appelo and Postma 2005) . Hydrochemical data were analysed using PHREEQC v2.15 geochemical code (Parkhurst and Appelo 1999) and the WATEQ4F database (Ball and Nordstrom 2001) to calculate saturation indices (SI) of selected mineral phases on a log scale.
Sediment sampling and analysis
Sediment samples were collected at the same sites as with the water samples. All of the samples were bagged, labelled and sealed in clean polyethylene bags. The sediment samples were then preserved at 4°C and transported to the laboratory for further analysis. The measurements of sediment pH and electrical conductivity were undertaken using 1:2 soil-to-solution ratios according to method described by Radojevic and Bashkin (2006) . The pH and electrical conductivity measurements were determined by using Thermo Model Orion-2 Star and YSI Model 30/25 FT probe meter, respectively. Preparation of samples was performed using the EPA method 3050B (USEPA 1996) prior to heavy metals analysis by means of acid digestion, specifically by using nitric acid-hydrogen peroxide digestion. The sample preparation was done by air-dried method (IAEA 2003) and the samples were crushed and sieved through 500-lm mesh sieve; 1.0 g of samples was digested for a total volume of 50 mL. The supernatant was then filtered with 0.45 lm membrane filter and analysed using inductively coupled plasma-optical emission spectrometer (ICP-OES) for metal elements (Fe, Mn, Zn, Cu, Pb, As, Cd, Cr and Ni). The loss-on-ignition method (Radojevic and Bashkin 2006) was used to determine the amount of the organic matter in the sediments; 1.0 g of dried (at the temperature of 105°C in an oven) samples were weighed and transferred into the pre-weighed dry crucible. Subsequently, the temperature of muffle furnace was set to 500°C where all of the samples were placed for overnight. Then, the samples were transferred into desiccators and allowed to cool at room temperature before being weighed again. Results and discussion
Aqueous geochemistry
The physico-chemical data and hydrochemical composition of the waters (abandoned mining ponds, active sand mining ponds and the streams) are presented in Tables 1  and 2 . It can be clearly seen that the discharges from the abandoned mining ponds (S4, S9 and S11) and the streams (S5, S6, S7, S8 and S10) are characterised by circumneutral pH in the range of 6.13-7.17 and alkalinity concentration of 16-68 mg/L as CaCO 3 . In contrast, the active sand mining ponds (S1, S2 and S3) have notably lower pH (net acidic water in the pH range of 3.16-3.7). This highly acidic water is accompanied by elevated concentration of total dissolved solids (TDS) in the range of 187-298 mg/L and conductivity level between 292 and 456 lS/cm. Mining significantly changes the natural water conditions and as the excavation process goes on, oxygen enters a formerly reducing environment causing the weathering of disulphide (Wolkersdorfer 2008) . It is generally accepted that the initial reactions in the formation of acid mine drainage are associated with these reactions (Younger et al. 2002) 
The overall reaction produces protons and thus releases acid into the mine water (Singer and Stumm 1970) . If no buffering minerals are present, the pH of mine water can reach extremely low values (Nordstrom et al. 2000) . Disulphide weathering reactions require pyrite, oxygen and water. For sand and gravel mining operations, like metal and coal mining, those reactants can also be found in nearly every surface and groundwater mine, and it requires that 1-2 % pyrite in the rocks exposed to the mine air (Wolkersdorfer 2008) .
The hydrochemical signature of the waters differs between sites of abandoned mining, active sand mining and in the stream (Fig. 2) . The mining ponds (S1, S2 and S3) show a Ca-SO 4 -(Cl) signature, indicating calcium dominated signature with sulphate the dominant anion. Given the highly acidic water and in the absence of bicarbonate at pH below 4.5, chloride becomes the secondary anion in the water. Naturally, chloride is not removed or supplied significantly by interaction with rocks and is not precipitated as a salt until very high salinities are reached (Drever 1997) . The dominance of sulphate might be originating from the weathering of pyrite and the oxidation of other primary minerals such as Pb, Zn, and Cu sulphides.
On the other hand, the abandoned mining ponds (S4 and S9) exhibit a Ca-SO 4 -HCO 3 signature, indicating sulphate dominance over bicarbonate. This suggests that pyrite weathering may still be the dominant process contributing to anion concentration coupled with the introduction of bicarbonate-poor surface runoff possibly from the peat erosion. Another abandoned mining pond (S11) has Ca-HCO 3 dominance, indicative of large contribution of dissolved bicarbonate in the water that may originate from the dissolution of carbonate minerals (see undersaturation of calcite, dolomite and siderite minerals in Table 4 ) by the carbonic acid and the bicarbonate-rich surface runoff entering the pond. Biologically active layers of soil may also be the source of carbonate in the water (Dey et al. 2015) . The in-stream type of water shows a Ca-HCO 3 -SO 4 signature (S5, S6, S7, S8, S10), indicating the dominance of bicarbonate from carbonate minerals dissolution of the host rocks (see saturation indices in Table 4 ). The contribution of sulphate as the secondary anion in the streams may be attributable to sulphate ion most likely originates from dissolution of gypsum which precipitates from acid mine waters when they are in contact with carbonate rocks. It should also be noted that the natural carbonate dissolution (buffering minerals) does not hinder the weathering of pyrite and hence it is possible that sulphate is sourced from the process, i.e. circum-neutral water that is enriched in sulphate. If the buffering occurs in the same environment as the pyrite oxidation, virtually all of the Fe 3? is precipitated as a hydroxide before it can dissolve more pyrite, which greatly decreases the rate of pyrite oxidation (Wolkersdorfer 2008) . Overall, the different hydrochemical signatures are illustrated in the piper diagram of the water types (Fig. 2) . All of the water samples plot in the Ca range on the cation triangle, whereas the abandoned mining pond water and the in-stream water plot mostly in the HCO 3 range on the anion triangle. The mining ponds show a SO 4 dominant water type. Generally, the proportion of HCO 3 and SO 4 in the water reflects the relative dominance of the two major sources of anions (carbonation and sulphide oxidation) during chemical weathering. The relatively high ratio of HCO 3 /(HCO 3 ? SO 4 ) [ 0.5 in the in-stream samples (S6, S7, S8, S10) and mining pond (S11) supports the importance of carbonic acid weathering producing bicarbonate alkalinity which in turn increasing the pH of the waters.
Trace elements
Mine water is commonly enriched in many elements. The presence of some concentrations of metals such as Fe, Pb, Zn, Cu can be associated with the presence of pyrite among other minerals like sphalerite (ZnS), galena (PbS) and chalcopyrite (CuS), because there is interaction between sulphide minerals and pyrite (Banks et al. 1997) . However, the poor correlation between iron and sulphate (mainly in the stream discharges) suggests that pyrite oxidation and dissolution may not be the dominant source of iron (Gozzard 2008) . Because the catchment consists primarily of peat, it is likely that iron originates from the peat erosion (although iron is present at very low concentrations). Field measurement also indicated significant amount of turbidity in the stream waters that might originate from the peaty soil erosion and introduction of suspended solids from the tributaries. It is noticeable that the concentration of iron reduced significantly at the final discharge from the mining ponds, i.e. from 11.27 to 1.02 mg/L. It is likely that the condition of the water favours the sink of iron as the concentrations of iron in sediment is inversely related with iron in the water column, i.e. iron may be lost from the solution due to sink on sediment (see Table 3 for data and Fig. 3a ; the inverse relationship of iron in water and surface sediment). This relationship is also shown by the correlation coefficient for iron in water and sediment (r = -0.575; p \ 0.01, Table 5 ). Although it is not certain about which phase does this iron sink occurs, e.g. fractions bound to FeMn oxides/hydroxides, sorbed to clays or organic matter, etc., at least the relationship may explain the plausible cause for the sink of iron from the final discharge of the mining ponds.
In addition, the reduced concentrations of iron in the stream water and the abandoned mining ponds could be mainly due to the precipitation of iron species (see oversaturation of Fe-related mineralisation components in Table 4 ), at increased pH range (i.e. the circum-neutral pH as compared to the acidic pH at the mining ponds). This indicates that the presence of sufficient alkalinity that buffers the pH (enough to enable precipitation to occur) of the waters is very important for the reduced concentration (\0.01-0.10 mg/L) of the in-stream iron and in the abandoned mining ponds. The effect of dilution and river self-purification may also control the level of iron concentration given that the streams receive relatively high flow of water, i.e. average of 20 m 3 /day (Department of Irrigation and Drainage).
Manganese is a common contaminant in many mine waters and though not ecotoxic as other common metals such as Fe, Al, and Zn, it has various undesirable properties, e.g. it may cause corrosion in pipes, unpleasant taste to drinking water and staining laundry. Manganese removal is relatively difficult than iron because a higher pH is generally required, and the kinetics of manganese oxidation are much slower than for iron (Stumm and Morgan 1996) . Furthermore, it is generally known that manganese is not removed whenever ferrous iron is present at concentration [1 mg/L (Younger et al. 2002) . The geochemical modelling predicts that manganese oxides will not form from the solution, suggesting that oxidation of manganese may not occur; the fact that oxidative removal of manganese requires very high pH obviously greater than the water pHs of the sampled water. As with iron, manganese reduction in water is related with the concentration of iron (r = -0.346; p \ 0.01) and manganese (r = -0.361; p \ 0.01) in sediment (Fig. 3a, b) . These general trends may suggest that manganese may be lost due to sink by sorption onto the surface sediment.
Unlike pyrite, other metal sulphides will not necessarily produce acidity but will release soluble metal ions to solution (Younger et al. 2002) . The presence of metal ions in the water results primarily from the weathering of sulphide-containing minerals as noted earlier. The presence of Pb may also be attributed to the release of Pb from organic and inorganic surfaces and dissolution of compound between manganese oxide and lead (Mokhtar et al. 2008) . In most of the discharges, Zn concentrations are more elevated than Pb concentrations (Table 2) . Zinc sulphate is more soluble, whereas lead sulphate is insoluble (as galena develops an insoluble coating of lead sulphate at the surface) in natural oxygenated environments (Nuttall and Younger 1999) , further explaining the increased presence of Zn compared with Pb (Blowes et al. 2003) . Cu on the other hand, may be readily immobilised in the form of sorbed phases and/or precipitates (PIR-AMID 2003).
Sediment geochemistry
Sediment consists of a mixture of components that are in different mineral species (Ghrefat and Yusuf 2006) . Sediment quality can also reflect the quality of surface water and provide information on the mobilisation and the fate of pollutants (e.g. Finney and Huh 1989; Mayes et al. 2008; Addo et al. 2011 ).
The pHs of the sediment are markedly different between sites. As anticipated, the mining pond and its discharge have highly acidic soil pH of 3.4-3.85. The abandoned mining ponds have soil pH in the range of 4.9-5.9. The acidic in-stream sediment pH of 4.6 and 5.64 at S5 and S10, respectively, might have been caused by the acidic discharge from S4 and S9 (that discharges into Stream A, S5 and Selangor River, S10). Despite these acidic soil pH observed, the downstream sediment samples have pH in circum-neutral range, i.e. 6.08-6.97 (at the confluence of Stream A and Selangor River, and downstream of Selangor River).
The concentration of iron in sediment is notably related to the pH of the water column, because at higher pH iron tends to precipitate out from the solution and may be deposited on the sediment bed. Likewise, the higher iron concentration in the sediment is attributed to the reduced aqueous iron concentration, governed by the increased pH (r = -0.644; p \ 0.01) in the water column that favours the precipitation and deposition of the iron (Fig. 3c) . Similarly for manganese, the increased concentration in sediment is coupled by the reduction in aqueous manganese concentration and the increased pH of water (r = -0.515; p \ 0.01) (Fig. 3d) . This may suggest that Fe-Mn interactions in aqueous-solid phase may occur in the system; iron and manganese immobilisation by sorption or co-precipitation to Fe-Mn oxides/hydroxides. Furthermore, other aqueous solutes of Zn, Pb, Cu, As and Cd also have inverse relationship to iron and manganese concentration in sediment (Fig. 3e , f and correlation coefficients in Table 5 ), indicating possible metals association with FeMn oxides/hydroxides. Notwithstanding this, the potential for metal remobilisation may be seen for iron using the predicted solid phase by geochemical modelling. The aqueous iron concentration may increase with the increased oversaturation of the iron oxides/hydroxides, suggesting potential remobilisation of iron into solution from the adsorbed and/or precipitated solids.
Geochemical index
Geochemical index such as geoaccumulation index (Igeo), enrichment factor (EF) and contamination factor (C f ) can be the indicator of the extent of contamination with respect to the metal of concern (Wedepohl 1995; Loska et al. 1997; Praveena et al. 2007; Nikolaidis et al. 2010; Shafie et al. 2013; Nowrouzi and Pourkhabbaz 2014) . The geoaccumulation index and enrichment factor of the sediments are shown in Fig. 4a , b, respectively. Note that Igeo B 0: background concentration, 0 B geo \ 1: unpolluted, 1 B Igeo \ 2: moderately to unpolluted, 2 B Igeo \ 3: moderately polluted, 3 B Igeo \ 4: moderately to highly polluted, 4 B Igeo \ 5: highly polluted, 5 \ Igeo: very highly polluted (Muller 1979) . Notably, almost all the samples are characterised as having metal contents at background levels with respect to Pb, Cu, Zn, Mn, Fe, As, Cd, Cr and Ni in sediment (i.e. Igeo \ 0). The Igeo of Zn indicates that station S7 is classified as unpolluted (Igeo \ 1). Whilst S1, S2 and S9 have Igeo \ 2, unpolluted to moderately polluted with respect to Cd in sediment. As with the Igeo, most of the samples have EF \ 2, indicative of minimal enrichment of minerals. Note that EF \ 2: minimal enrichment/depletion of mineral enrichment, 2 B EF \ 5: moderate enrichment, 5 B EF \ 20: significant enrichment, 20 B EF \ 40: very highly enriched, 40 B EF: extremely highly enriched (Sutherland 2000) . Apparently, in the sand mining pond (S1) the EFs indicate that the site is moderately enriched in Pb, Zn and Ni, significantly enriched in Cr, very highly enriched in As and extremely highly enriched in Cd. In some locations in the ex-mining ponds and the rivers, the sites are moderately enriched in As and significantly enriched in Cd. Regardless of the types of sampling site, all the sampling locations are characterised as having low contamination based on the modified contamination factor (mC f ) for all the metals studied except for As and Cd (moderate contamination) (Table 6 ). Despite this, the concentrations of As at all sites are still below the recommended acceptable value, i.e. 5.9 mg/kg, threshold effects level, UK Environment Agency (2008) 
Potential use as raw water supply
Further to the discussion above, the main concern is the safety issue of the waters that is used for potable water consumption. Generally, metal ions can represent significant environmental hazards to freshwater resources if they are present at significant concentration levels. In the case study of Bestari Jaya, all the metal ions in the waters were found below the permissible limits set out by the Malaysia Ministry of Health (MOH), World Health Organisation (WHO), United States Environmental Protection Agency (USEPA) and EU Directive (EU directive 98/83/EC Council Directive on the quality of water intended for human consumption) except for the anticipated metals in the active sand mining ponds (Table 2 ). In-stream pH also satisfied the guidelines, i.e. found between 6.1 and 7.1. Discharges from mining-related activities must be in compliance with the Malaysian Department of Environment (DOE), i.e. National Water Quality Standards for Malaysia and the MOH recommended acceptable values whenever the water is intended for potable water use. Apparently, all the stream samples have metal contents at very low concentrations or below detection limit (i.e. well below the guideline limits) except for manganese at S6 and S7 (slightly above the MOH standard limit of 0.2 mg/ L). However, the water from these two sources will not directly flow into the main river, Selangor River. In the Selangor River, manganese concentration was found at 0.09 mg/L (below the treated water limit). Fe, Zn, Cu, Pb, As, Cd, Cr and Ni in water were found at very low concentrations, i.e. even below the limit for treated water, e.g. Azlan et al. (2012) , in the main river that feeds into the water treatment plant intakes downstream. Essentially, the quality of the water that is supplied for potable water consumption is at satisfactory level despite partly sourced from the abandoned mining ponds, and therefore should not influence the treatment plant operation and the quality of the treated water. Nevertheless, whenever the water contains high concentration of iron and manganese, additional treatment may be required by the water treatment plants to remove these trace elements such as enhanced oxidation and filtration, aeration and ozonation, addition of polyphosphate and water softening process. Adoption of any of these methods on the other hand depends on the concentration of the metal elements as well as the cost of implementation and maintenance (Swistock et al. 2015) .
Conclusion
The hydrogeochemistry of several locations within Bestari Jaya, Selangor River basin has been presented with notably different hydrochemical signatures between sites (i.e. the active sand mining ponds, the streams and the abandoned mining ponds). The significance of having these different types of sampling locations is to evaluate the potential source of contamination along Selangor River that is used for potable water supply. Generally, the relative dominance of HCO 3 and SO 4 in water indicates the two major sources of anions during chemical weathering, apparently in all the in-stream samples and the abandoned mining ponds. Sulphate might have originated from the oxidation of pyrite (bed rock sediment and from peat erosion), while bicarbonate is resulted from the dissolution of carbonate minerals in the water. The sand mining ponds show Ca-SO 4 dominance instead, suggesting a markedly different source of constituents in the mining ponds compared with the streams and the abandoned mining ponds. Further analysis of the aqueous and sediment geochemistry have shown that there is potential for deposition of precipitates and/or adsorbed solids on the sediment in addition to dilution and river self-purification for the reduced concentrations of metals downstream of the catchment (sampled at S8). The geochemical modelling showed potential sink of some constituents, particularly iron, and also predicted possible dissolution of carbonate minerals that increased C f \ 1, low contamination; 1 B C f \ 3, moderate contamination; 3 B C f \ 6: considerable contamination; 6 B C f , very high degree of contamination (Loska et al. 1995) a Modified contamination factor (mC f ) = P Cf n ; n, no. of analysed sample (Abrahim and Parker 2008) C f = M x /M b; where M x , mean content of metals from at least five samples; M b , pre-industrial metal concentration (earth's crust reference value) (Loska et al. 1997) bicarbonate alkalinity essential for the increase of pH for oxidative attenuation of some metals.
Notwithstanding this, it is noticeable that the quality of the pumped water from the abandoned mining ponds into the main river is essentially at satisfactory level. In fact, all the physico-chemical parameters and metal concentrations detected were well below the Malaysian MOH guideline limits for untreated raw water. It is worth noting again that the pumped water is discharging into the main river (Selangor River) where it carries the water that feeds into the downstream water treatment plants. The sampled water upstream of the water treatment plant intake also showed that the metal concentrations were satisfactorily below the MOH limits thereby is safe for potable water use. This is especially important when the water is further treated at the water treatment plants to meet regulatory requirements. In addition, the results of the geochemical index analysis (i.e. Igeo, EF and mC f ) indicated that the rivers and abandoned mining ponds were generally unpolluted with respect to the metal contents in sediments. Therefore, the potential use of the so-called hybrid river augmentation system that incorporates the use of abandoned mining ponds alongside the river water seems to be a reasonably good alternative using naturally available water resources. In terms of water quality, it has been shown that its quality satisfies the MOH recommended acceptable values and would potentially be used to cater for larger capacity demand in the future.
